Abstract: Piezoelectric and ferroelectric ceramics with a high Curie temperature (Tc) have attracted a growing attention owning to their applications under severe environments. In this work, phase structure, dielectric, ferroelectric and piezoelectric properties of (0.975-x)BiScO3-xPbTiO3-0.025Pb(Cd1/3Nb2/3)O3 ceramics (x = 0.58-0.64) were studied. A composition-induced structural transformation occurs from rhombohedral phase to tetragonal phase through an intermediate monoclinic phase with the increasing PT concentration. The relationship between structure and electrical properties of the system were discussed. The BS-xPT-PCN system near the morphotropic phase boundary (x = 0.62) exhibits excellent piezoelectric and ferroelectric performances with d33 = 508 pC/N, kp = 56%, and Pr = 40 µC/cm 2 . The high-temperature piezoelectricity of the sample with MPB (x = 0.62) was characterized by an in situ XRD. The excellent thermal stability of the crystal structure and the piezoelectric property indicate that the BS-xPT-PCN system is a promising candidate for high temperature piezoelectric applications.
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Introduction
Materials with excellent piezoelectricity and decent Curie temperature (Tc) are broadly needed for varied applications, for example underwater sonars, automotive, aerospace crafts, etc., 1, 2 where they are supposed to function in harsh environments.
Nevertheless, majority of the piezoelectrics with excellent piezoelectric properties have a fairly low Tc. For example, Pb(Zn1/3Nb2/3)O3-PbTiO3 and Pb(Mg1/3Nb2/3)O3-PbTiO3 single crystals have an extremely large piezoelectric constant (d33) of approximately 2500 pC/N 3, 4, 5, 6, 7 while a low Tc of about 140-170 ℃ and an even lower Td of around 60-120 ℃, which limits its application temperature range. Consequently, it is an urgent task to find materials with large Tc and excellent performances to adapt to extreme environments.
In the hunt for exquisite perovskite oxides with excellent performances, solid solutions with a morphotropic phase boundary (MPB) have been considered as the most promising candidates. PbZr1-xTixO3 (PZT) ceramics presents the largest dielectric and piezoelectric properties around the MPB for x=0.48. Noheda et al. found an medium monoclinic (Cm) phase near MPB of PZT 8 as a structural bridge between the rhombohedral (R3m) phase and tetragonal (P4mm) phase. This finding created a range of structural investigations on the nature of the morphotropic phase boundary 9, 10, 11, 12 .
Involving studies of the local structure which have illustrated the theory of the decent piezoelectric performances 13 . In spite of the connection between the crystal structure and piezoelectric performance around the MPB has not been adequately comprehend, the low-symmetry phase is acknowledged to play a vital role in the presence of large piezoelectric performances both in terms of extrinsic 14 and intrinsic contributions 15 .
Recently, the (1-x)BiScO3-xPbTiO3 (BS-PT) solid solution have been thoroughly studied, which showed large piezoelectric coefficient (d33 = 460 pC/N) and high Curie temperature (Tc > 450 ℃) for the compositions around the MPB (x = 0.64) 16 .
Nevertheless, scandia is too costly to limit the commercial manufacture. Based on Bi-based perovskite piezoelectric ceramics, a number of investigator have take care of
Bi(Sc1-yFey)O3-PbTiO3, and Bi(Sc1-yGay)O3-PbTiO3 systems and achieve some satisfactory piezoelectric properties with the Tc beyond 430 ℃ 17, 18, 19, 20, 21 .
Meanwhile, several researchers attempt to import a third component into the BS-PT binary system to decrease scandia content, for instance, LiNbO3, LiTaO3 22, 23 . . Herein, it is possible to importe Pb(Cd1/3Nb2/3)O3 into the BS-PT system to improve the piezoelectric performances and remain high Tc.
In this work, the phase structure, dielectric, ferroelectric and piezoelectric properties of the PCN-modified BS-PT systems are investigated by modifying the ratio between BS and PT. Since phase stability is vital consideration for high-temperature piezoelectric ceramics, the structure evaluation as a function of temperature was involved to illustrate the nature of the high-temperature piezoelectricity. h in a covered alumina crucible and milled for an added 12 h to make powders uniform and fine. The dried powder was pressed into10 mm disks at a pressure of 350
Experimental procedures
MPa. PVA (polyvinyl alcohol) was combusted off at 650 ℃ for 4 h, then the pellets were surrounded in calcined powder with the uniform composition and sintered at 1080~1100 ℃ for 2 h in covered crucible.
The phase structure of BS-xPT-PCN was determined via the X-ray diffractometer (XRD, PANalytical, X'Pert PRO) using Cu Kα radiation from RT to 450 ℃. Raman spectroscopy was identified with a 532 nm laser and a valid power of 5.0 mW. The micromorphology was measured via scanning electron microscopy (SEM, JSM6380-LV, Tokyo, Japan). After the specimens were poled for 30 min in silicon oil bath under a DC field of 70 kV/cm at 120°C, d33 was tested by a piezoelectric d33 meter (ZJ-3D, Institute of Acoustics, Beijing, China). Ferroelectric hysteresis loops were collected via Raniant Precision 10 kV HVI-SC analyzer. The dielectric properties dependence on temperature was detected through an impedance analyzer (Agilent 4294A, USA).
Results and discussion

Structure and phase analysis Figure 1(a) presents XRD patterns of BS-xPT-PCN with different PT contents.
All the samples were well crystallized as well as revealed a single perovskite structure no distinctly secondary phases, illustrating that PCN was completely solved into BS-PT lattice. Meanwhile, it is found that the crystalline structure of BS-xPT-PCN ceramics transforms from rhombohedral to tetragonal as the PbTiO3 content increases.
Typical rhombohedral phase can be observed for x = 0.58. As x achieves 0.64, the reflection peak (200) has completely split into (002) and (200) peaks, and then the ceramic is a tetragonal phase, as presented in Figure 1 (b). The MPB can be identified at x = 0.62 parting the rhombohedral phase and tetragonal phase. To further approve the result, the kp and d33 depend on PbTiO3 content are presented in Figure 2 . It can be clearly seen that the d33 and kp intimately depend on PbTiO3 content, achieving the peak value at x = 0.62, which are 56% and 508 pC/N, respectively. The optimal piezoelectric performances are acquired at the composition close to the morphotropic phase boundary (MPB), which presences a sudden structural transformation 26 .
Combing with the XRD results, it is considered that the morphotropic phase boundary (MPB) content locates in the vicinity of x = 0.62. As reported, the composition of MPB in the pure BiSO3-PbTiO3 ceramics was around the PbTiO3 content of 0.64 16 .
Obviously, doping with PCN in BS-PT ceramics lead to the MPB composition shifting to lower PbTiO3 content.
To obtain the structure of the BS-xPT-PCN systems with x = 0.58, 0.60, 0.62 and 0.64, the Rietveld refinements is performed as shown in Figure 3 . Details of the refined results were cataloged in Table 1 
where TA and εA are the temperature of the dielectric peak and the speculative value of εA at T = TA, respectively. The coefficient δA represents the diffuseness of the dielectric peak. The greater is the relaxor dispersion, the larger is δA. The temperature as a function of the dielectric permittivity at T > Tm for BS-xPT-PCN ceramics was fitted by Eq. (1) as presented in Figure 6 . As the fitting parameters (Table 3) indicate, it can be obviously seen that the parameter δA decreases as the PT content increased, implying the degree of diffusion phase transition decreases. which is related to a small amount of the Cd and Nb occuping the B site in the perovskite structure, leading to the B site ion distribution becoming disordered 31 .
Frequency dispersion of the phase transition in ferroelectric materials can be described by the Vogel-Fulcher formula, which introduces the concept of "freezing temperature" and reflects the freezing process caused by the interaction between dipoles or polar nanoregions (PNRs). The relationship of the Vogel-Fulcher can be described as follows:
where f0 is the frequency of tries to conquer the potential barrier Ea (f0~10 13 , in our case); kB is the Boltzmann constant; Tf is the static freezing temperature. Figure 7 presents the Tm dependence of f . The obtained Ea, Tf and f0 are cataloged in Table 3 . Tf ascends from 590 to 678 K with PbTiO3 increasing from 0.58 to 0.64, illustrating the presence of freezing behavior in the dipole dynamics upon RT 32 . The calculated Ea is around 0.022~0.069 eV, Ea gradually decreased with the increase of PT, indicating that the interaction between PNRs increased.
Piezoelectric and ferroelectric properties
The P-E hysteresis loops of the specimens are presented in Figure 8 (a). All the polarized samples exhibit saturated P-E loops under driven fields. 
Conclusions
The 
Fig. 2
Piezoelectric coefficient d33 and planar electromechanical coupling factor kp for BS-xPT-PCN at RT. 
